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derivative surface absorp- 
tion type, 81 
exponential taper type, 81 
gaussian surface absorp- 
tion, 81 
generalized, 53-58 
at high energies, 66-67, 
94-99 
Hill-Ford type, 80 
identity of particles, 67 
imaginary part, 66 
for neutrons, 91-93 
nonlocal, 55 
parabolic” taper type, 81 
for protons, 93-99 
square type, 80, 82 
step type, 81-82 
trapezoidal type, 80 
wine bottle type, 80 
Woods -Saxon type, 80, 82 
Optical potential parameters, 
numerical values 
comparison of potentials, 
84-85 
giant resonances, 90 
high-energy, 94-99 
imaginary part, 84 
surface thickness and 
angular distribution, 
84 
for neutrons, 91-93 
nonlocal potential, 86 
for protons, 93-99 
polarization and surface 
thickness, 85 
scattering length, 87 
surface absorption, 85, 
90-91 
Organic material in radio- 
biology, 345-48, 353-56, 
372, 375, 377, 380 
Oscillations, nonlinear, 200- 
4 


Oxygen effect in radiobiol- 
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ogy, 345, 347-49, 354, 
367 


P 


Pais associated production 
rule, 40 
Paramagnetic resonance 
techniques, 372-73 
Parity, 1-17 
conservation, 3 
of Dirac particles, 11-14 
isotopic, 39 
of mesons, 10 
of positronium states, 13 
operator, 1-4 
space inversion, 1-4 
of spinless particles, 9-11 
Parity operator, 1-4 
in electrodynamics, 7-9 
formal theory, 6-7 
for interacting fields, 14- 
16 
for neutrino, 17 
Parity selection rules 
for absorption of light, 9 
for emission, 9 
Particle optics, phase space 
concepts in, 195-97 
acceptance, 196-97 
emittance and acceptance 
in, 196-97 
Pauli‘s theory of the elec- 
tron, 22 
Personnel monitoring, 339, 
341 
film badges, 341 
Phase compensation, 183- 
84 
Phase effect in radiobiology, 
348-49 
Phase space concepts 
in accelerators, 192-93 
in particle optics, 195-97 
in radiofrequency acceler- 
ators, 197-200 
beam stacking, 200 
phase displacement accel- 
eration, 199 
Phase stability principle in 
accelerators 
cyclotrons, 184-85 
microtrons, 185 
synchrotrons, 185, 190 
Photodisintegration react- 
ions on fast time scale, 
320 
Photons and pi-meson decay, 
10 
Photonuclear reactions, 314 
Photoreactivation, 358-59, 
365 
Pi-meson (pion) 
capture by deuterons, 11 
decay into two photons, 10 
distribution of multiplicity, 
153 
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emitted in annihilation of 
antiproton, 148 
isotopic spin of, 36-39 
parity of, 10 
pion-nucleon interaction, 
38 
pseudoscalar nature of, 11 
spectrum of energy, 147 
a; 7*: a" ratio, 154 
Plasma, 208-9 
Ploidy, 362-63, 367-68, 378 
Polarization 
in optical model, 85, 97 
in parameters, 97 
Positronium 
eigenstates, 29 
parity of states, 13 
Postirradiation, see Radi- 
ation response 
Potassium 
-argon ages of minerals, 
270-74 
-argon decay constants, 
261 
average concentration in 
sea water, 245 
decay scheme of potassium 
40, 261-62 
Primaries, see Primary 
cosmic radiation 
Primary cosmic radiation, 
217-41 
chemical composition, 218- 
21 
energy distribution of, 221- 
27 


fluctuations in, 228-36 
see also Cosmic rays 
Proportional counter, 337 
Proton 
capture on fast time scale, 
319-20 
energy distribution in 1954 
223 
high-energy scattering, 
93 


and optical potential para- 
meters, 93 

proton-antiproton system, 
29 

proton-proton chains, 304 

Pyconuclear reactions, 323 

neutron core, 325 

nova explosion, 324-25 

stellar core collapse, 314, 
324 


Rad, definition of, 335 
Radiation 
beta-particle, survey of, 
336-67 
biological effects of, see 
Radiation effects 
gamma-radiation, survey 
of, 336 





416 


see also headings below 
Radiation damage, 277, 344- 
50 
Radiation effects 
biological, 387 
chronic, 394-95 
cytological, 365-68 
biochemical, 371-72 
cytoplasmic damage, 368 
mutagenic, 370-71 
modification by nucleic 
acid synthesis and 
growth, 368-70 
and information density, 
395-96 
miscellaneous, 372-76 
dehydration, 375-76 
paramagnetic resonance, 
372-73 
permeability changes, 
373 


temperature, 374 
viscosity changes, 372-73 
Radiation energy migration, 
distance of, 347 
Radiation energy transfer, 
346-47, 354 
Radiation hazards, control 
of, 327-41 
Radiation lethality, 389-95 
Radiation levels, permissi- 
ble, 327-30 
permissible flux densities, 
329, 335 
occupational exposure, 328 
Radiation measurements 
air-monitoring, 340 
alpha-contamination, 337- 
38 
beta-particle radiation, 
336-37 
of biologic effects, 334 
cataract formation, 335 
"relative biological ef- 
fectiveness" (RBE), 
334, 338 
gamma field intensities, 
336 
personal monitoring, 341 
rad, 335 
roentgen, 334 
“tissue equivalent” ioniza- 
tion chamber, 335 
Radiation response, see 
Radiosensitivity 
Radioactive isotopes, 243- 
54; see also under head- 
ings of individual names 
and under Radionuclides 
Radioactivities, artificially 
produced 
artificial radiocarbon, 254 
artificial tritium, 254 
fission products, 251-54 
Radioactivities, cosmic-ray 
produced 
beryllium 7 and beryllium 
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10, 251 
carbon 14, 247-49 
magnetic field of the earth, 
changes in, 246-47 
effect on cosmic rays, 
246-47 
tritium, 249-51 
see also Radionuclides 
cosmic-ray produced 
Radioactivity of atmosphere 
and hydrosphere, 243- 
54 
Radiobiology, cellular 
of bacteria, 348, 351, 353, 
358, 359-61, 364, 369- 
73, 376, 378-79 
of cells, 348, 351, 355-59, 
361-62, 364-70, 374-76, 
380-81 
chromosome aberrations 
in, 352, 365-67 
dehydration in, 375-76 
dose anomalies in, 380-81 
of eggs, 355-56, 359-60, 
364, 380 
free radicals in, 345 
influence of water in, 347 
instrumentation in, 376 
microbeam, 376 
of mammalian cells, 380- 
81 
mathematical, 376 
of organic material, 347- 
48, 353, 356, 372; 377, 
379-80 
oxygen effect in, 345, 347- 
49, 354, 367 
paramagnetic resonance 
techniques in, 372-73 
phase effect in, 348-49 
radiomimetics, 379-80 
of seeds, 351, 354, 360, 
362, 365-67, 371-72, 
379 
of sperm, 355, 363 
target theory in, 377-79 
of yeast, 348-49, 353, 
355-56, 359, 361, 363 
365, 370-71, 373-75, 
378-79 
of viruses, 351, 353-54, 
357, 359, 374, 378 
Radiobiology, information 
theory in, 387-98 
Radiocarbon, artificial, 254 
Radiofrequency acceleration 
theory, 197-200 
"buckets," 199-200 
Radiomimetics, 379-80 
hydrogen peroxide, 379 
Radionuclides, cosmic-ray 
produced in rainwater 
sodium 22, 252 
phosphorus 32, 252 
sulfur 35, 151 
carbon 39, 252 
Radionuclides, primary and 





secondary 
atmospheric concentration 
of radon and thoron, 
245-46 
radioactive elements in 
sea water, 245 
ionium, 245 
potassium, 245 
radium, 245 
rubidium, 245 
thorium, 245 
uranium, 245 
Radiosensitivity, influences 
on 
biological factors, 362-65 
division state, 363-64 
metabolic state, 364-65, 
367 
ploidy, 362-63, 367-68, 
378 
chemical modification of, 
356-58, 366 
environmental factors, 
352-58 
dehydration, 352, 354, 
375-76 
phase state, 352, 354 
temperature, 352, 354 
infrared modification of, 
374 
postirradiation physical 
factors, 358-62 
chemical modification of, 
361-62 
oxygen modification of, 
359-60 
photoreactivation, 358- 
59 
temperature modification 
of, 360-61, 374 
pressure influence on, 374 
radiation parameters, 350- 
52 
dose rate and fractionati- 
on, 352, 365, 367 
linear energy transfer 
(LET), 350-52, 367-68 
wavelength, 352 
Radiosensitivity, information 
theory of, 397-98 
Radium in sea water, 245 
Radon concentration in at- 
mosphere, 245-46 
Rain water, elements in, 
252 
see also Radionuclides 
Relative biological effective - 
ness (R.B.E.), 334, 338 
Resonance acceleration, 
182-83, 185 
Rhenium 187 in geochronol- 
ogy, 278 
Rubidium 
average concentration in 
sea water, 245 
-strontium ages of miner- 
als, 270-74 

















Rubidium 87 in geochronol- 
ogy, 265 
Roentgen 
roentgens equivalent man 
(rem), 334 
roentgens equivalent phys- 
ical (rep), 334 


Ss 


Sacher's "stochastic theory 
of lethality,” 390 
Saxon type of optical poten- 
tial, 93 
Scintillation counter, 337-38 
Sedimentary rocks, dating of 
authigenic minerals in, 
277 
glauconite, argon retentiv- 
ity, 277 
Holmes time scale, 277 
sylvites potassium-argon 
ages of, 277 
Seeds, radiobiology of, 351, 
354, 360, 362, 365, 367, 
371-72, 379 
Selection rules of mesic an- 
nihilation, 152 
"Separatrix,” 198 
"Shell source" of energy, 302 
Solar energy, 299 
Space inversion, 1-4 
Spectrometers, 163-78 
Sperm, radiobiology of, 
355, 363 
Spin 
dependence of A-neutron 
force, 122 
from hyperfragments, 115 
of A- hyperon, 115 
see also Isotopic spin 
Spinless particles, parity 
of, 9-11 
Spin-orbit potential, 78, 82, 
85, 92 
Thomas, 84 
Spiral ridge geometries, 190 
Square well type of optical 
potential, 52, 73, 80. 
82-83 
phenomenological, 107 
Stars 
barium, 312 
carbon, 310 
helium, 310 
magnetic variable, 322-23 
red giant, 302 
technetium in, 312 
white dwarf, 303 
Stellar core collapse, 314, 
316, 324 
Stellar energy, 299-325 
Stellar explosions, 323, 325 
Stellar evolution 
degenerate electron gas 
in, 302-3 
Hertzsprung-Russel dia- 
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grams, 301 
red giant stars, 302 
"shell source" of energy 
white dwarf stars, 303 
Stellar populations, 300 
interstellar medium, 301 
"Stochastic theory” of leth- 
ality, 390 
Strangeness, 39-41 
Suess-Urey abundances, 
311, 320-22 
strontium 90 determina- 
tions, 251 
fall-out, 253 
Sun 
effect on cosmic-ray fluc- 
tuation, 240-41 
solar cycle variation, 229- 
30 


solar flare, Feb. 23, 1956, 
234 
source of cosmic-ray par- 
ticles, 237-38 
source of energy of, 299 
"Sunshine project," 251 
Supernova explosion, 316, 
325 


Superselection rule, 14 
Sylvites, potassium-argon 
ages of, 277 
Synchrotrons 
with alternating gradients, 
188, 192 
electron, 185, 187 
proton, 185, 190, 192 
radiation effects in, 212 


T 


Target theory, 377-79 
Technetium in stars, 312 
Thermocline, 248-49 
Thermonuclear reactions 
heavy-ion, 313 
helium, 308-10 
hydrogen, 303-8 
Thomas cyclotron, 183, 189- 
90 
Thomas spin-orbit potential, 
84 
Thorium half life, measure- 
ments of, 260-61 
average concentration in 
sea water, 245 
Thoron concentration in at- 
mosphere, 245-46 
Three-alpha process, 309 
Time reversal, 17-25 
time reversed state, 17 
T - invariance, applica- 
~ tions and validity of, 
19-20 
Time reversal operator 
for Dirac particles, 23-25 
formal theory, 20-22 
T - invariance, 19-20 
Tritium 
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artificial, 254 
in atmosphere, 249-51 
concentration in free Ho, 
250-51 
Castle tests, 254 
natural concentrations of, 
249 
Tube spectrometer, 178 
Two-(flat) crystal gamma- 
ray spectrometer 
(Chalk River), 173-78 
description, 175 
neutron-capture gamma- 
rays studied with, 175 
optimum thickness of 
crystal for use in, 174- 
75 
principle of, 175-76 
see also Knowles' theory 


U 
Uraninites, ages of, 267- 
70 


and mica ages, 270 
see also Mineral ages 
Uranium 
concentration in sea water, 
245 
-helium 4 method, 277 
-lead ages, 269, 279- 
92 
-radiation damage, 277 
Uranium 235 half life, 
measurements of, 259- 
60 
Uranium 238 half life, 
measurements of, 258- 
59 
Urca process in stellar 
core collapse, 314 


Vv 


Viruses in radiobiology, 
351, 353-54, 357, 359, 
374, 378 


Ww 


Wave packet, 69 
Wine bottle type of optical 
potential, 80, 93 
Woods -Saxon type of op- 
tical potential, 52, 80,82 
compared to Hill-Ford 
type, 85 


x 
X-rays, soft, 336 
Y 
Yeast, radiobiology of, 348- 


49, 353, 355-56, 359, 361, 
363-65, 370-75, 378-79 


